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I A pair of tubular products (1a,1b) of 
pdyarytene sulfide having end faces to be wel- 
ded are welded to each other by heating the end 
feces by a hot plate (7) in no contact with the 
end faces to a surface temperature which is at 
least the inelting heat-absorptk)n peak tempera- 
ture and at most 80 °C above the nr^etting initia- 
tion temperature of the polyarylene sulfide, and 
abutting the end faces under a pressure of 50 - 
1500 kPa when the end faces are at a surfiace 
temperature which is at least 10 above the 
melting initiation temperature and not exceed- 
ing the melting heat-absorptk)n peak tempera- 
ture of the polyarylene sulfide. As a result, a 
welded tutMjIar stnjcture having a weld with a 
small inside bead (9) but having a sufficiently 
farge^weld strength can be^obtained with sub- 

"^^htially no thermal degradation and at a good 
operating efficiency. 
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FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a m thod of welding tubular products comprising polyarylen sulfide to 
provide a weld d tubular structure with a small inside bead at the weld, with a relatively large weld strength 
5 and with little, if any. thermal degradation at a good operating efficiency, and also to a welded tubular structure 
thus obtained. 

There have been developed several methods of welding tubular products of thermoplastic resins. Repre- 
sentative examples thereof may include a socket method wherein a pair of tubes shaped into a socket and an 
insert, respectively, are fitted to each other and then welded; and a method wherein a hot plate coated with 

10 a fluorine-containing resin, etc., is caused to contact faces to be welded to each other and the ^ces after being 
fm\te6 are bonded under pressure. 

In any method, however, there is invoh^ed a problem that the resultant weld (i.e., welded part) is caused 
to have a shape different from the other parts. For example, in the socket method, it is impossible to avoid 
some gap or cavity between the welded faces which gap or cavity is liable to cause an increase of microbes 

15 or stagnation of minute particles, e.g., when the welded structure is used in contact with ultra-pure water, and 
thus the welded structure is not suitable for such use. In the method using a hot plate, the weld is provided 
with a projecting seam generally called "bead" on the outside and inside thereof as a result of the bonding 
under pressure, and particularly the inside bead is liable to cause the increase of microbes or stagnation of 
minute particles simflarly as the gap formed in the socket method. In the case of using a hot plate, it is also 

20 known to insert an inner support called "core" so as to prevent the occurrence of the inside bead. In this case, 
however, it is impossible to insert or withdraw a core having an identical size as the inner size of pipes to be 
welded. On the other hand, if a core having an outer size smaller than the inner size of the pipes is used so 
as to fedlitate the insertion and withdrawal of the core, it is impossible to avoki the occurrence of a bead cor- 
responding to the gap between the inner size of the pipes and the core, thus resulting in an inside bead in 

25 excess of 1 nrtm. Further, in the case of welding fittings such as elbows or tees, it is very difficult to insert and 
withdraw a core, thus resulting in a poor operating efficiency. 

There is disclosed a method of welding pipes of heat-fusible fluorine-containing resin without causing an 
inside bead in Japanese Laid-Open Patent Application No. 62-279925. In the method, a pair of pipes each 
having an end having a decreasing taper from the outside surface to the inside surface so as to avoid thermal 

30 degradation are welded to each other while heating the ends by hot air. If the method is applied to welding of 
pipes of polyarylene sulfide, however, it is inevitable to cause thermal degradation due to oxidation of the sul- 
fide part during heating with hot air in spite of generally excellent heat resistance of polyarylene sulf kle, thus 
resulting in discoloration into brown of the weld. 

There is another difficulty in butt welding of polyarylene sulfide pipes that a higher weld strength can be 

35 obtained at a higher abutting pressure, which however inevitably results in a larger bead. Accordingly, it has 
been difficult to produce a weld having a small t>ead but retaining a relatively large weld strength. 

SUMMARY OF THE INVENTION 

40 An object of the present invention is to provide a welding method whereby tubular products of polyarylene 
sulfide can be welded to provide a weld having a small, if any, bead but showing a relatively high weld strength 
with little thermal degradation and at a good operating efficiency, and also a welded tubular structure thus 
obtained. 

According to the present invention, there is provided a method of welding tubular products of polyarylene 
45 sulfide, comprising the steps of: 

providing a pair of tubular products of polyarylene sulfide having end faces to be welded to each other, 
the polyarylene sulfide showing a melting initiation temperature and a melting heat-absorption peak temper- 
ature, 

heating the end feces by a hot plate in no contact with the end faces, and 
50 abutting the end faces under pressure when the end faces are at a surface temperature which is at least 

10 ''C above the melting initiation temperature and is not exceeding the melting heat-absorption peak temper- 
ature, respectively, of the polyarylene sulfide, thereby forming a weld. In this instance, it is preferred to include 
a sequence of heating the end faces to be welded to each other to a surface temperature which is at least the 
melting heat-absorption peak temperature and at most 80 °C above the melting heat-absorption peak temper- 
55 ature respectively of the polyarylene sulfide, nDoving the hot plate away from the end faces and then abutting 
the end faces to each other at a pressure of about 50 to 1500 kPa (0.5 - 15 kg/cnD^). 

According to another aspect of the present invention, there is provided a welded tutujlar structure, conrv 
prising a pair of tubular products of polyarylene sulfide welded to ach other with a weld which is substantially 
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free from discoloration, has an insid bead, if any, of at most 1 mm In height, and has a t nsile strength of at 
Ieast50% thatof th tubular product per se. 

In th present invention, th end faces of tubular products of polyarytene sulf id to be welded are heated 
by a hot plate free of contact with the end faces. In this case, unlike the heating with hot air in the above- 
5 menti ned prior art method, air surrounding th h t plate is cold, and th temperature is not xcesslvely in- 
creas d only by radiation heat, so that the pdyarylene sulfide is not readily oxidized to cause thermal degra- 
dation. Further, by heating the end faces into a nrK)lten state and welding the end faces in a specific temperature 
range, whereby a weld having a small inside bead but showing a high weld strength fector can be formed. Here- 
in, the term Veld strength fector* refers to a ratio in percentage of the tensile strength of a weld to that of 
10 another part (l.e.. tensile strength of the tubular product perse) respectively cut out from a welded tubular struc- 
ture into dumbbell-shaped specimens. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred emt>odiments of the present invention taken 
in conjunction with the accompanying drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectk)nal view of an embodiment of an end portion to be welded of a tubular product which 
has not t>een provided with an inside taper. 
20 Figure 2 Is a sectbnal view of an embodiment of an end portion to be welded of a tubular product which 

has been provided with an Inside taper. 

Figure 3 is an illustration of a manner of heating a pair of end faces of tubular products to be welded by a 
hot plate. 

Figure 4 is an niustratk)n of a manner of abutting the pair of end faces after the heating. 
25 Figure 5 is a partial sectional view of an embodiment of the welded tubular structure. 

DETAILED DESCRIPTION OF THE INVENTION 

Herein, the term 'pdyarylene sulfide" refers to a polymer comprising a recurring unit represented by -Ar- 

30 S- as a principal constituent, wherein -Ar denotes an arylene group in a broad sense including p-phenylene, 
m-phenylene, naphthylene, and divalent aromatic residue groups containing at least two aromatic rings of 6 
carbon aton^, such as -Ph-Co-Ph- (wherein "-Ph-" denotes a phenylene group similarly as hereinbelow), -Ph- 
O-Ph-, -Ph-CH2-Ph-, and -Ph-S02-Ph-. Each aromatic ring can further contain a substituent such as an alkyi 
group or a carboxyl group. The polyarytene sulfide may be in the form of a homopdymer, a random copolymer 

35 or a block copolymer. 

The polyarytene sulfide may preferably be one comprising a phenylene sulfide group, particularly a para- 
phenytene sulfide group, as a principal constituent Herein, the term "principal constituenr means that, when 
"-Ar-S-" IS taken as a unit md, the constituent concerned occupies at least 50 unit mol. %. preferably at least 
70 unit md. %, more preferably at least 90 unit nfK>l. %. The polyarylene sulfide may preferably be a substantially 

40 linear polymer comprising a brfunctional monomer as a principal constituent and capable of induding a tri- or 
higher-functional group as a minor constituent The polyarylene sulfide may have a mdecular weight suff i- 
dently high to provide a required mechanical strength. 

Herein, the tubular product of pdyarylene sulfide may indudeof a product composed of polyarylene sulfide 
alone and also a product composed of a composition comprising pdyarylene sulfide and another ingredient. 

45 such as an impact resistance modifier, reinforcing fiber, or an inorganic filler. The tubular product may Indude 
products having a tubular portion, indusive of pipes, joints, and valves. Such tubular products nruiy be formed 
through ordinary nnolding or forming methods, such as extrusion and injection. 

The sectional shape of the tubular product may be a circle in many cases t>ut can be an oval having a long- 
axis/short-axis ratio of about 1.2 or smaller, or another profae shape Indusive of a pdygon. According to the 

50 present inventton. such tubular products having a diameter (calculated as a cirde having an equivalent sec- 
tional area) of e.g.. 10 - 250. mm and a thickness of. e.g.. 1-10 nun, may conveniently be welded. 

Each end of tubular products to be welded can be provided with an inside taper or cut so as to further 
decrease the inside bead. Figure 1 is a sectional view of an embodin>ent of an end portion to be welded of a 
tubular product (pip ) which is not provided with such an inside taper to leave a right-angle end face 2 having 

55 awklth or thickness identical t th pipethicknessD. Figure 2 is a sectional view of an mbodim nt of an end 
portton to be welded of a tubular product (pipe) which has been provided with an inskje cut 6 to leave a tapered 
portk>n 3 having a narrowed end face 4 having a narrow width d smaller than the pipe thickness D, and forming 
an Insid taper angle 0 with respect to the end face 4. Referring to Figure 2, the nd portion 3 to k>e welded 
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of th tubular product 1 is provid d with an inside cut 6 along the ntire length of its inner periph ral edge. 

It is preferred that the inside cut 6 is formed in a volunne which Is n t larger than but at least 1/20 of the 
vdum ofth rennaining tapered portion 3. The nd fece 4 left after forming the insid cut 6 can have only its 
outer periphery (having a thickness or width f substantially zero) In an extreme case but may preferably have 
5 a certain thickness or width. 

More specifically, the end face 4 to be welded left after forming the inside cut 6 may preferably have a 
width d which is at least 1/3, more preferably at least 2/5, of the pipe thickness D. The inside taper angle e 
may be in the range of 10 - 70 degrees, preferably 20 - 70 degrees, particularly preferably 30 - 45 degrees. 
The end face 4 after the inside cutting should desirably be cleaned to remove cutting residue and be finished 

10 for subsequent welding. 

According to the present invention, a pair of end faces to be welded of such tubular products are heated 
by a hot plate free of contact with the end faces. More specifically, as shown in Figure 3 corresponding the 
embodiment of Figure 2, end faces 4a and 4b to be welded to each other of a pair of tubular products 1 a and 
lb are separated from each other and are heated by a hot plate 7 disposed at the midway between the end 

15 faces 4a and 4b and having two major surfaces each constituting a heating surface. Incidentally, it is of course 
possible to use two hot plates having similar surface temperatures instead of a single hot plate having two heat- 
ing surfeces as described above in order to heat the pair of end faces to be welded to each other. It Is preferred 
that the end faces are heated to a surface temperature which is at least the nrtelting heat-absorption peak tem- 
perature and at most dO^'C above the melting heat-absorption peak temperature of the polyarylene sulf kie. If 

20 the temperature is more than 80 ""C above the nnelting heat-absorption peak temperature, thermal degradation 
of the polyarylene sulf kie Is liable to be caused. Herein, the melting heat-absorptbn peak temperature refers 
to a melting heat-absorptk)n peak temperature of a sample polyarylene sulf kJe when the sample Is heated at 
a temperature-increasing rate of 10 '^C/min in a differential scanning calorimeter (DSC) ("DSC-30" available 
from Mettler Instrumente A.G.). 

25 The hot plate 7 may t>e a known one inclusive of a metal heater equipped with a rod heater embedded 
therewithin, a ceramic heater, a cast heater, etc. The distance L between the hot plate 7 and the respective 
end faces 4a, 4b of the tubular products la. lb to be welded to each other may ordinarBy be several nnm or 
shorter, more specifically at most 3 mm, preferably at most 2 mm, further preferably at most 1 nun, while it 
can be different to some extent depending on otherfactors, such as the type of the hot plate, the temperature 

30 of the hot plate, and the heating time. The heating time Is not partknjiarly limited since it depends on the tem- 
perature of the hot plate, but nnay ordinarily be 3 min. or shelter, preferably be 2 min or shorter. 

Then, the hot plate 7 is nDOved away from the end faces 4a and 4b to be welded to each other ordinarily 
in a direction parallel to the end faces, e.g., vertically in directk)ns denoted by a two-headed arrow A or hori- 
zontally. Thereafter, the tubular products are caused to approach each other in directions of arrows B so that 

35 the end feces 4a and 4b are abutted to each other as shown in Figure 4 while the end feces are at a prescribed 
temperature giving a molten state of polyarylene sulfide. More specifically, the temperature at the time of the 
abutment, i.e., welding, is at least 10 ak>ove the melting initiatton temperature and Is not exceeding the melt- 
ing heat-absorption peak temperature, respectively, of polyarylene sulfide. The temperature Is preferably at 
least 15 ""C above the melting Initiation temperature and Is at least 2 °C be\ow the melting heat-absorption 

40 peak temperature. Herein, the melting initiatbn temperature refers to a temperature at which a heat absorption 
curve begins to rise due to melting of a sample polyarylene sulfide on a DSC curve when measured by a dif- 
ferential scanning calorinneter ("DSC-30'' available from Mettler Instrumente A.G.) at a temperature-raising rate 
of lO'^C/min. 

The welding is effected under the action of an abutting pressure which may ordinarfly be about 50 - 1500 
45 kPa (0.5 - 15 kg/cm2), preferably about 70 - 1200 kPa (0.7 - 12 kg/cm^), more preferably about 100 - 500 kPa 
(1-5 kg/cnr>^ when calculated as a pressure acting on the area given by the original thickness D of the pipes 
la and lb. If the pressure Is below 50 kPa, it is difficult to obtain a sufficient wetd strength, and a pressure 
exceeding 1500'kF'a Is liable to provide an excessively large inside t>ead. By perfa*ming fhe welding within 
ffiellboveHdesc^bed pressure range, it is possible to form a weld showing a tensOe sfrehgtIi which is at least 
50 50 %. preferably at least 80 % under appropriately selected conditions, of that of the tubular product 1 a or 1 b 
per se and forming only a snr^ll bead. Particularly, in the case where an Inside cut 6 is formed as has been 
described with reference to Figures 2 and 3, the end faces 4a and 4b are welded to each other in such a manner 
that most of the remaining tapered portions 3 fijls the inside cuts under the abutting pressure and a part thereof 
is projectjed outsid the resultant welde<rtubular structure to form an outside bead 8, whereby It Is possible to 
55 provide a weld forming an inside bead 9 which shows an even smaller height hf rf anj^.j bufsfiowing a sufficiently 
large weld strengt h fector. An ou tski uneven ness form "dlJy such an outeide bead 8 joes not adversely affect 
the essential fenctton of the welded tubular structure. On the oth r hand, the height^hof the inskJe bead 9 
which can cause undesmable soiling or stagnati n within th tubular structure, is suppressed to at most^l mm 
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acx»rding to th epresent inven tion. Further, th resultant weld is substantially free from discoloration, i.e.. free 
from discoloration into t>rown as readily observable by eyes in the case of welding by using hot air for the heat- 
ing. 

Herein below, the present inv ntion will be described more specifically with reference to ExampI s and 
5 Comparative Example. 

[Testing Method] 

The tensile strengths referred to herein are based on values measured according to JIS-K6724 except for 
10 a modification that tubular samples were composed of pdyphenylene sulfide instead of vinyl chloride resin as 
specified. For convenience, the original thickness of a tubular product is used for calculation of the sectional 
area of a welded part as a basis for calculation of the tensOe strength per unit area of the welded part The 
end face temperature and the hot plate surface temperature are values measured by using a thernDocouple 
fMOBAC 220", available from Nireco K.K.) and a contact-type surface temperature meter ("Pocket Thermonrv 
15 eter-Model 2542", avaOable from Yokogawa Denki K.K.), respectively. For accuracy, the end face temperature 
was measured with respect to sample tubular products which were heated under the same conditions as sanrv 
pie tubular products that were actually subjected to welding after the heating. 

Example 1 

20 

Pdyphenylene sulfide (having a melt viscosity of about 2.8 kPa.sec (28000 Poises) at 31 0 ""C and a shear 
rate of 200/sec; a melting initiation temperature of 220*^0; and a melting heat-absorption peak temperature of 
277^C) was formed into pellets by a single-screw pelletizer. The pellets were dried for 3 hours at 140 °C to 
remove water and volatile matter. The resin temperature was 330''C at the die entrance and atx>ut 310*^0 at 
25 the die outlet 

The pellets fed into and extruded through a small-size single screw extruder (inner dia.: 35 mm) equipped 
with an outside mandrel at the die and having a cylinder temperature set to 250 - 330 **C. The extrusion was 
performed at a screw rotational speed giving an a ngular velocity of n/2 rad.sec-^ (15 rpm), followed by stretching 
at 3 % radially for sizing and cooling with water to prepare a pipe, which was found to have an inside diameter 

30 of 26 mm and a thickness of 3 mm and have a smooth inside surface. 

Two pipes thus prepared were subjected to edge preparation to form an inside cut thickness (D - d) of 1 
mm and an inside taper angle (0) of 30 degrees. The two end faces each provided with an inside taper thus 
formed were disposed opposite to each other with a spacing therebetween, and a ceramic heater having two 
surfaces each at a surface temperature of 450 X so that a spacing t of 1 mm was left from the respective 

35 end faces. The end faces were thus heated for 35 sec to 284 °C (maxinmim heating temperature). Then, the 
heater was removed, and then the end faces of the pipes were atnjtted to each other at an abutting pressure 
of 1100 kPa (11.0 kg/cm2) when the end faces were at 288 °C (welding temperature). 

The resultant welded tubular structure (pipe) was provided with a weld which showed an inskie bead height 
(h) of 0.9 mm and was free from discoloration, thus showing no trace of thermal degradation. Two types of 

40 dumbbell specimens were cut out from the welded pipe, one from a part including the weld and the other from 
another part The weld showed a tensile strength of 52 MN/m^ (5.3 kg/mm^ and the other specimen showed 
a tensile strength of 62 MN/m^ (6.3 kg/mm^) as that of the original pipe perse. As a result, the welded structure 
showed a weld strength factor of 84 %. 

The following Table 1 sununarizes representative conditions and results together with those of other Ex- 

45 amples and Comparative Example which will be descrit)ed hereinafter. 
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Table 1 





Inskje Taper 


M€ix. neaiing 
temp. (^C) 


weiamQ lemp. 


insKie Deao n igni 
(mm) 


AngI (deg.) 


Cut thickness 
(mm) 


Ex.1 


30 


1 


284 


268 


0.9 


2 


45 


1 


284 


268 


0.45 


3 


45 


0.5 


292 


272 


0.9 


Comp. Ex. 


45 


0.5 


304 


285 


1.2 
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Example 2 

Two pipes of polyphenylene sulfide prepared in the same manner as in Example 1 was subjected to edge 
20 preparation so as to form an inside cut thickness of 1 mm and an inside taper angle of 45 degrees. The two 
pipes thus treated were then welded to each other in the same manner as In Example 1 . The resultant welded 
structure was provkled with a weld, which showed an inside bead height of 0.45 mm and was free from dis- 
coloration, thus showing no trace of thermal degradation. The weld further showed a tensile strength of 49.3 
MN/m^ (5.0 kg/mm^ corresponding to a weld strength factor of 80 %. 

25 

Examples 

Two pipes were prepared, subjected to edge preparation and welded to each other in a similar manner as 
in Example 1 except that the inskle taper angle was 45 degrees, the inside cut thickness was 0.5 mm and the 
30 end faces were heated for 40 sec The resultant welded structure was provided with a weld, whk:h showed an 
inside bead height of 0.9 mm and was free from dtscoloratbn, thus showing no trace of thermal degradatkin. 
The weld showed a tensDe strength of 52 MN/m^ (5.3 kg/mm^) corresponding to a weld strength factor of 84 
%. 

35 Comparative Example 

Two pipes were prepared, subjected to edge preparation and welded to each other in a similar manner as 
in Example 1 except that the inside taper angle was 45 degrees, the inside cut thickness was 0.5 mm and the 
end faces were heated for 50 sec. The welding temperature was 285''C as a result The resultant welded struc- 

40 ture was provided with a weld, which was free from discoloration, thus showing no trace of thermal degradatnn. 
The weld showed a tensile strength of 62 MN/nr>2 (6.3 kg/mm^) corresponding to a weld strength factor of 100 
%. However, the inskie bead height was increased to 1.2 mm. 

As described above, according to the present invention, it has t>ecome possible to provide a welded tubular 
structure with a weld which is free from discoloration due to thermal oxklative degradatk)n, has an inside bead 

45 giving a height, if any, of at nf>ost 1 mm, and yet shows a weld strength factor of at least 50 %. The welding 
method is easy in operation and is easily applicable to welding of fittings, such as elbows or tees. As a result, 
it is possible to provkie a welded tubular structure whk:h is particularly suitable as a pipe for transporting ultra- 
pure water. 

50 

Claims 

1. A method of welding tubular products of pdyarylene sulfide, comprising the steps of: 

providing a pair of tubular products of polyarylene sulfide having end faces to be welded to each 
55 other, th polyaryl ne sulfide showing a melting initiation temperature and a melting heat-al>sorptk)n peak 

temperature, 

heating the end faces by a h t plate in no contact with th end faces, and 

abutting the end faces under pressure when th nd faces are at a surface temperature whk:h is 
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at least 10 °C above the nnelting initiati n temperature and is not exceeding th melting heat-at)sorption 
peak temperature, respectively, of the pdyarylene sulfide, thereby forming a weld. 

2. A method according to Claim 1 , wherein th end faces are heated to a surface temperature which is at 
5 least the melting heat-absorption peak temperature and at most 80 ""C abov the melting heat-absorption 

peaktemperature, respectively, of the polyaryl ne sulfide, the hot plate is then riKiv d away from the end 
faces, and t h n t he nd faces are abutted to each other at a pressure of about 50 to 1 500 kPa (0.5 - 1 5 
kg/cnr>2). 

3. A method according to Qaim 1 or 2, wherein each end of the tubular products to be welded is provkjed 
with an inside taper by cutting inside edge and then subjected to the heating and atujtting. 

4. A method according to any preceding daim, wherein each end of the tubular products to be welded is 
provided with an inskie taper by cutting inside edge to leave an end face having a thickness of at least 
1/3 of that of the tubular product perse, and the inside taper shows an inside taper angle of 10 - 70 degrees 
with respect to the end face. 

5. A method according to Claim 4, wherein the inside taper angle is 20 - 60 degrees. 

6. A method according to any preceding daim, wherein the end faces are abutted under pressure when the 
20 end faces are at a surface temperature which is at least 15°C above the melting initiation temperature 

and is at least 2^C below the nnelting heat-absorptk)n peak temperature, respectively, of the potyarylene 
sulfkle. 

7. A method according to any one of Claims 2-6, wherein the end faces are abutted to each other at a pres- 
25 sure of about 70 to 1200 kPa (0.7 - 12 kg/cm2). 

8. A welded tubular structure, comprising a pair of tubular products of pdyarylene sulfide welded to each 
other with a weld which is substantially free from discdoration, has an inside bead, if any, of at nDost 1 
mm in height, and has a tensile strength of at least 50 % that of the tubular product perse. 
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